Context: This study evaluated and compared the shaping ability of ProTaper Gold (PG) (PG; Dentsply, Tulsa Dental Specialties, Tulsa, OK, USA) system with ProTaper Universal (PU) (PU; Dentsply Maillefer, Ballaigues, Switzerland) using cone-beam computed tomography (CBCT) imaging. Materials and Methods: Forty mesiobuccal canals of mandibular first molars with curvatures of 25−30° were divided into two experimental groups (n = 20) according to the rotary nickel-titanium (NiTi) file system used in canal instrumentation as follows: Group PG and group PU. Canals were scanned before and after instrumentation using CBCT scanner to evaluate root canal transportation and centering ratio at 3, 5, and 7 mm from the apex and volumetric changes. Data were statistically analyzed using independent t-tests and the significance level was set at P < 0.05. Results: There was no significant difference between PG and PU systems in the mean volume of removed dentine, canal transportation, and centering ratio (P > 0.05).
metallurgy. It features a progressively tapered design that claimed to improve the cutting efficiency and safety. PG rotary files feature the same exact geometries as ProTaper Universal (PU) (PU; Dentsply Maillefer, Ballaigues, Switzerland), but it may appear slightly curved when removed from the package due to their metallurgy. This is not a defect, but rather, an advantage as supposed by the manufacturer. PG system has been metallurgically enhanced through heat treatment technology. [9] PG files exhibit a convex triangular cross-section and progressive taper. PG files are available in eight sizes: SX (tip size 19 with a taper of 0.04), S1 (tip size 18 with a taper of 0.02), S2 (tip size 20 with a taper of 0.04), F1 (tip size 20 with a taper of 0.07), F2 (tip size 25 with a taper of 0.08), F3 (tip size 30 with a taper of 0.09), F4 (tip size 40 with a taper of 0.06), and F5 (tip size 50 with a taper of 0.05). [10] Several approaches have been used to assess the shaping ability of different NiTi rotary systems, including histological sections, plastic models, serial sectioning, scanning electron microscopy, radiographic comparisons, silicone impressions of instrumented canals, and micro-computed tomography (µCT). [7, [11] [12] [13] [14] Cone-beam CT (CBCT) has been used to evaluate root canal instrumentation. [7, [15] [16] [17] Through this method, it is possible to get before and after instrumentation images with no need to cut into tooth before the process. [7, 8, 15, 16] In addition, the quality of the three-dimensional images attained by this method is superior to other techniques, and therefore, approving its use for geometric analysis of root canal area. [7, 15, [17] [18] [19] The aim of this study was to evaluate and compare the effect of using PG and PU NiTi rotary systems on the volume of removed dentine, the transportation, and the centering ability using CBCT imaging.
MATERIALS AND METHODS
Forty extracted human mandibular first molars with two separate mesial canals and apical foramina were selected for this study. Sample size was calculated with 85% power to detect differences among groups at α = 0.05 using statistical software (G * Power 3.1.9.2; Erdfelder, Faul, and Buchner). Teeth were accessed using an Endo-Access bur (Dentsply Maillefer) in a high-speed handpiece. Size 10 K-files (Dentsply Maillefer) were inserted through the mesiobuccal canals (MB), and the canal curvature was evaluated according to Schneider's method. [20] Only canals with curvatures of 25−30° were included in this study. The distal roots with the respective part of the crown were sectioned at the furcation level using a low-speed diamond saw (Isomet 1000, Buehler Ltd., Lake Bluff, IL, USA) under water and discarded. The determination of the working length was established at ×10 magnification using a surgical microscope (Global Surgical, St. Louis, MO, USA) by inserting size 10 K-file to root canal terminus and subtracting 1 mm from this measurement. [6, 7, 17, 21] The teeth were numbered from 1 to 40 and randomly assigned to two groups (n = 20 each) using specific software (Random Allocation Software 2.0, Microsoft Corporation, WA, USA). The program was run by setting the sample size (n = 40), the number of groups (n = 2), and the name of each group according to the tested rotary systems. The ''simple method'' was chosen and a randomized list of numeric unique identifiers was produced by the software, thus obtaining the following study groups: Group PG and group PU.
Root canal shaping
Canals were instrumented by a single operator (Elnaghy AM) according to the manufacturers' instructions for each system. The files were operated using an electric motor (X-Smart; Dentsply Maillefer) with a 16:1 reduction handpiece. Glyde (Dentsply Maillefer) was used as a lubricant during instrumentation. A glide path was performed using ProGlider (Dentsply Maillefer; size 16, 0.02 taper) file to the working length. Apical preparation was completed with a size 25 file using the file order specified by the manufacturer. In both groups, the root canals were instrumented to the working length using the following sequence: SX, S1, S2, F1, and F2. In both systems, the first three shaping files were used with a brushing action, and the last two finishing files were used with a nonbrushing action until the working length was reached. During instrumentation, the canals were irrigated with 2 mL 5.25% NaOCl. After instrumentation, 1 mL of 17% ethylenediaminetetraacetic acid (Sigma-Aldrich, Riedel-de Haën, Switzerland) was applied for 3 min followed by final irrigation with 3 mL of NaOCl. Each instrument was used to prepare three canals and then discarded. [8] 
Image analysis
The roots were placed in a custom-made specimen holder in which each root could be positioned in the same place before and after instrumentation. [1] The roots were aligned perpendicularly to the beam and they were scanned before and after instrumentation using the CBCT scanner (Veraviewepocs 3D; J. Morita, Kyoto, Japan) operating at 120 kV and 3−7 mA. The field of view was 8 cm in diameter and 8 cm in height. Slices were 800 × 800 pixels, with a pixel size of 0.125 mm. [8] 
Cone-beam computed tomography measurements
Pre-and post-instrumentation measurements of MB canals were achieved using the OnDemand 3D software (Cybermed Inc., Irvine, CA, USA). The volume of removed dentine was measured in mm 3 for each root canal by subtracting the uninstrumented canal volume from the instrumented canal volume. [7] Canal transportation and centering ratio were calculated at three cross-section levels, i.e., 3, 5, and 7 mm from the apical end of the root using the following equation: [22] Degree of canal transportation = (m 1 −m 2 )−(d 1 −d 2 ) C a n a l c e n t e r i n g r a t i o = − − where m 1 is the shortest distance from the mesial edge of the root to the mesial edge of the uninstrumented canal, m 2 is the shortest distance from the mesial edge of the root to the mesial edge of the instrumented canal, d 1 is the shortest distance from the distal edge of the root to the distal edge of the uninstrumented canal, and d 2 is the shortest distance from the distal edge of the root to the distal edge of the instrumented canal [ Figure 1 ]. [2, 7, 8, 22] 
Statistical analysis
A statistical analysis (SPSS 15.0; SPSS Inc., Chicago, IL, USA) of the data was performed using independent t-test.
Statistical significance level was set at P < 0.05.
RESULTS

Volume of removed dentine
The mean and standard deviation values of the volume of removed dentin for each group are shown in Table 1 . There was no significant difference between PG and PU systems in the mean volume of removed dentine (P > 0.05).
Canal transportation and centering ratio
The mean and standard deviation values of the canal transportation and centering ratio at the three studied levels (3, 5, and 7 mm) for each group are shown in Table 2 . At 3, 5, and 7 mm levels, there was no significant difference between PG and PU systems in canal transportation and centering ratio (P > 0.05).
DISCUSSION
Root canal shaping is one of the most significant procedures in root canal treatment. [3] It is essential in determining the efficiency of all subsequent procedures, including chemical disinfection and root canal obturation. [23, 24] Previous studies have reported that maintaining the original canal shape with a less invasive method decreases the possibility of canal transportation with a subsequently lower incidence of canal curvature straightening, the formation of ledges, and irregular apical enlargement. [23, 25, 26] The purpose of this study was to assess and compare the shaping ability of the recently introduced PG system with the PU rotary system, which has been used over the years as a reference technique for comparison. [27] The assessment of alterations in canal shape after instrumentation is a reliable method to evaluate the susceptibility of a shaping technique to preserve the original canal anatomy or to straighten the curves. [28, 29] The CBCT imaging technique was used to assess the shaping ability of the tested files as it provides a precise, reproducible, three-dimensional assessment of alterations in dentine thickness and root canal volume before and after preparation without the damage of the specimens. [7, 18, 30] However, the CBCT provides lower resolution compared with the µCT tool. Instead, CBCT could be used in patients and in vivo studies despite its lower resolution due to the lower radiation level of exposure compared with µCT. In addition, the µCT imaging technique is time-consuming, and therefore, not suitable for the dental office. [31] Three levels were chosen including 3, 5, and 7 mm, which represent the apical, middle, and coronal thirds of the root canals, respectively, where curvatures with high susceptibility to iatrogenic mishaps usually exist. Crowns corresponding to the mesial roots were maintained to mimic the clinical conditions where the interference of cervical dentine projections would produce tensions on the files during canal instrumentation. [7] The angle of curvature at 20-30° was chosen as it is considered as moderate curvature according to American Association of Endodontists (AAE) Endodontic Case Difficulty Assessment to obtain results that cover a large scale of cases.
In this study, regarding the volume of removed dentine, there was no significant difference between PG and PU systems. This finding could be attributed to the same geometrical and cross-section design of PG and PU files. Both systems have convex triangular cross-sectional design combined with the flute design with its progressive tapers sequence along the shaft. [7, 10] The results of canal transportation and centering ratio revealed that there were no significant differences between PG and PU systems in canal transportation and centering ratio at the three studied levels. These findings could be due to the noncutting tip design that PG and PU possess, which functions only as a guide to allow easy penetration with minimal apical pressure. [7, 10] It has been reported that the apical transportation >0.3 mm reduces the quality of the apical seal. [32] The results of this study showed that none of the instrumented specimens reached the above-mentioned critical level of transportation on all studied levels. In addition, the maximum root canal transportation in tested groups was less than the shortest distances from the outside of the curved root to the periphery of the uninstrumented canal. Consequently, the tested rotary systems with size 25 and taper 0.08 could be used in curved canals due to minimal transportation. This finding is in agreement with previous studies. [6, 27, 33] On the other hand, counter to our findings, some previous studies reported that NiTi files with tapers >0.04 for apical enlargement of curved canals should not be used as reported for Profile (Dentsply Maillefer) [34] and conventional ProTaper rotary files; [35] otherwise, transportation would happen. These inconsistent findings could be due to the use of PU and PG files which have a rounded safe tip, [10, 36] instead of conventional ProTaper files and because of new proprietary advanced metallurgy processing of PG files. [10] The PG and PU NiTi rotary systems revealed comparable volume of removed dentine, canal transportation, and centering ratio. Further investigations to the metallurgy and mechanical properties of the new PG system are required to gain insight on how the proprietary advanced metallurgy processing of PG affect its properties. In addition, evaluations of the clinical performance of the tested brands in vivo are needed to give reliable recommendations for endodontists.
CONCLUSIONS
Within the limitations of this study, the following conclusion was drawn:
The PG and PU NiTi rotary systems showed similar root canal shaping abilities in the preparation of mesial canals of mandibular first molars in vitro.
